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© Tread for a pneumatic tyre. 

© A tire tread (2) has blocks (21, 22, 23, 24) and, radial heights of the blocks and, or ribs and the 
or ribs (12) with a variety of stiffness characteristics. density of narrow slits in the blocks, or ribs. 
The stiffness characteristics are a function of varying 
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The present invention relates to a tread for a 
pneumatic radial tire. 

The tread portion of a pneumatic tire generally 
comprises an elastom ric material having a plural- 
ity of grooves therein defining ground engaging 
rubber elements. .The particular size and shape of 
these elements contributes significantly to the over- 
all performance of the tire. Tires are generally 
designed to provide a particular performance, such 
as for instance winter, high traction or high speed 
performance. The obtaining of one particular per- 
formance characteristic is at odds with obtaining 
another one. For example, the achievement of 
good winter performance is obtained at the cost of 
a reduction of ride comfort, and good dry traction 
of a tire is obtained by a reduction of winter perfor- 
mance. 

A tread pattern which provides acceptable all 
season performance of a tire while maintaining 
ride, noise and handling characteristics required 
from tires used in warm seasons has, for instance, 
been disclosed in European Patent Application No. 
0 139 606. 

To achieve all season type tire characteristics, 
tread designs exhibiting low circumferential stiff- 
ness are usually chosen because they lead to tires 
having more uniform behavior during the different 
seasons. Low stiffness tread designs are, however, 
particularly of nuisance in front wheel driven cars, 
having high load transfer on the front axle during 
braking and cornering where the tread block ele- 
ments have to operate under a wide range of 
lateral and circumferential forces. Due to the high 
block deformation of all season tread designs on 
high friction surfaces combined with the high load 
transfer behavior of front wheel driven cars, known 
all season type tires perform only marginally 
against summer type tires on high friction surfaces. 

French patent 1 214 717 teaches a way to 
improve road adherence by providing the tread 
pattern with raised block elements. The raised ele- 
ments are described as acting as elastic, heavily 
compressed projections entering the small holes in 
the road surface and improving thereby the grip of 
the tire. 

It is also known to make the axially centermost 
part of the tread of a softer or more resilient rubber 
than that from which the side tread elements are 
made. As disclosed in US patent 1,664,352, such a 
construction is alleged to lead to a better road 
contact. 

An object of the invention is to create an all 
season type tire tread having a more uniform han- 
dling response during a wide variety of operating 
conditions. 

It is a further object of the invention to create a 
tread having an excellent grip on high friction road 
surfaces while maintaining an acceptable grip on 



low friction surfaces. 

This object is met by the tire tread as de- 
scribed in the appended claims. 

The stiffness of a tread is measured in the 

5 footprint of the tire under rated load conditions, and 
is generally a stiffness measurement in the circum- 
ferential direction (longitudinal stiffness) or axial 
direction (lateral stiffness). The stiffness of a "high- 
stiffness" tread element equals the stiffness of a 

w tread element of a summer tire, and is 3 - 6 times 
higher than the stiffness of a "low-stiffness" tread 
element, which equals the stiffness of a winter tire 
tread element. For the purpose of the instant de- 
scription, only longitudinal stiffnesses are consid- 

15 ered. The longitudinal stiffness of a tread element 
of a winter tire ranges usually between 150 and 
300 kg.F/m. whereas the longitudinal stiffness of a 
tread element of a summer tire ranges usually 
between 800 and 1,500 kg.F/m. The tread elements 

20 of prior art ail season tires have longitudinal stiff- 
nesses comprised between 300 and 800 kg.F/m 
and usually around 500 kg.F/m. 

There is provided in accordance with the 
present invention a pneumatic tire behaving most 

25 uniformly irrespective of the road surface condi- 
tions. To that effect high stiffness and low stiffness 
tread elements are combined into one tread pat- 
tern. When distributing the high and the low stiff- 
ness elements on the tread surface it must be 

30 borne in mind that the pressure distribution in the 
footprint varies across the footprint width, namely a 
pressure is generally high in the shoulder areas 
and, somewhat less in the center area of the tire, 
and lowest in the intermediate areas. Putting low 

35 stiffness tread elements into the intermediate areas 
and giving them a raised profile produces a more 
uniform pressure distribution in the footprint. 
Though a great number of factors determine tread- 
wear of straight and free rolling tires, treadwear is 

40 important in those places where the highest relative 
movements between tire surface and road take 
place. The more evenly distributed pressures of 
the tire according to the invention result in smaller 
sliding movements, hence slower tread wear. 

45 The high pressure in the shoulder regions re- 
sults from the transition conditions between the 
tread band and the sidewall. Inasmuch as the stiff 
tread elements are lodged in these regions, the 
majority of radial and longitudinal forces is taken 

so by these elements on high friction street surfaces, 
while the raised low stiffness block elements bend 
and contribute much less to the overall grip and 
handling properties of the tire. On low friction street 
surfaces, however, the raised flexible elements 

55 maintain an acceptable grip and predominate the 
behavior of the tire. 

A further refinement of the invention is to be 
seen in the orientation of the slots in the block 
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elements. In order to improve the load transfer 
characteristics during braking, traction and lateral 
acceleration efforts, the slot orientation is prefer- 
ably oblique to the 'equatorial plane, making an 
angle with the equatorial plane comprised between 
30* and 60 \ The equatorial plane EP is defined 
as being a plane perpendicular to the tire's axis of 
rotation and passing through the center of its tread. 

Furthermore, to increase the range of stiffness 
of the low stiffness block elements, the distance 
between neighboring slots can be varied in the 
same block element so that, for instance, the cen- 
termost slots are more closely spaced than those 
located near the block's edges. It is also possible 
to provide neighboring block elements with dif- 
ferent slot spacings. The resulting benefit will be, 
apart from a lower noise level, a more uniform tire 
behavior. 

In order to fully take advantage of the prop- 
erties of the tires during their whole lifetime by 
ensuring comparable wear of the high and low 
stiffness elements, it is preferred to mount the tires 
on vehicles having their traction evenly distributed 
between the front and rear axle, i.e. on four wheel 
drive vehicles. 

To acquaint persons skilled in the art most 
closely related to the instant invention, certain pre- 
ferred embodiments are herein described with ref- 
erence to the annexed drawings. These embodi- 
ments are illustrative and can be modified in nu- 
merous ways within the spirit and scope of the 
invention defined in the claims. 

Figure 1 is a perspective view of a tire em- 
bodying a tread made in accordance with the 
present invention. 

Figure 2 is an enlarged fragmentary view of a 
portion of the tread of figure 1 . 

Figure 3 is a cross-section of the tread pattern 
of figure 2, along the line Ill-Ill. 

Figures 4 and 5 are enlarged fragmentary 
views of modified tread patterns made in accor- 
dance with the invention. 

Figures 6 to 9 show enlarged block elements 
of tires made according to other embodiments of 
the invention. 

As used herein and in the claims, an equatorial 
plane means the plane perpendicular to the tire's 
axis of rotation and passing through the center of 
its tread. The terms "radial" and "radially" are 
understood to refer to directions that are perpen- 
dicular to the axis of rotation of the tire, the terms 
"axial" and "axially" are used herein to refer to 
lines of directions that are parallel to the axis of 
rotation of the tire and the terms "lateral" and 
"laterally" are understood to refer to directions 
going from one sidewall of the tire towards the 
other sidewall of the tire. 

"Groove" means an elongated void area in a 



tread that may extend circumferentially or laterally 
in a straight curved or zig-zag manner; the circum- 
ferentially and the laterally extending grooves of 
the pattern described hereafter, may have common 

5 portions. The grooves are subclassified as "wide", 
"narrow" or "slot". A "wide" groove usually has a 
width greater than 3 % of the tread width whereas 
a "narrow" groove has a width in the range from 
about 0.8 % to 3 % of the tread width. A "slot" is a 

10 groove having a width in the range from about 0.2 
% to 0.8 % of the tread width. Slots are typically 
formed by steel blades inserted into a cast or 
machined mold; as they are so narrow, they are 
illustrated by single lines. "Tread width" (TW) is 

75 defined as the greatest axial distance across the 
tread, as measured from a footprint of the tire, 
when the tire is mounted on its design rim, sub- 
jected to a design load, and inflated to a design 
pressure for said load. 

20 All of the other tire dimensions used herein and 
in the claims refer to a tire having been mounted 
on its specified rim and inflated to its specified 
inflation pressure while not being subject to any 
load. It is, however, to be understood that the 

25 invention applies to new tires and to retreaded tires 
as well as to tire treads in strip form being at least 
partly vulcanized and having a pattern of grooves 
and raised elements integral therewith. 

Referring to figures 1 and 2, there is repre- 

30 sented a pneumatic tire and a portion of a tread 
made in accordance with the present invention. 
The tire 1 is of the radial type construction and 
designed for use on passenger vehicles. The 
ground engaging portion 2 includes four circum- 

35 ferentially extending straight grooves 4 - 7 and two 
series of circumferentially extending straight slots 3 
and 8. The various grooves and slots are axially 
spaced apart across the surface of the tread and 
divide the tread into circumferentially extending 

40 rows 9-11 and 14-16 of blocks and a circum- . 
ferentially extending rib 12. The circumferentially 
extending slots 3, 8, separate the rows 10, 15 of 
low stiffness elements from the rows 9, 16 of high 
stiffness shoulder blocks which flank the tread 2 

45 . and wherethrough the tread is joined to a pair of 
sidewalls 17 that extend radially inwardly from the 
tread with each sidewall terminating in a bead 13. 

The two centermost circumferentially extending 
grooves 5, 6 define a high stiffness central rib 12, 

so having an axial width RW and extending substan- 
tially an equal distance on either side of the equa- 
torial plane EP. The width RW of the central rib 
ranges from about 5% to 25% and preferably from 
10% to 15% of the tread width TW of the ground 
55 engaging tread portion. The central rib 12 is pro- 
vided with a plurality of semi-blind transverse nar- 
row grooves 19, starting in the two centermost 
circumfer ntially extending grooves 4, 5 and ex- 
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t nding only partly across the central rib. The 
transverse narrow grooves 19, starting from one of 
the circumferentially extending grooves 5. 6 al- 
ternate circumferentially with those starting from 
the other circumfer ntially extending groove 6, 5. 

On both sides of the central rib 12 are circum- 
ferentially extending rows 11, 14 of blocks, com- 
prising block elements 22, 23 separated by a se- 
ries of transversely extending grooves 32, 33 con- 
necting the circumferentially extending grooves 4 
and 5 respectively 6 and 7 which border the rows 
of blocks. The transversely extending grooves are 
disposed circumferentially about the tire in a repet- 
itive manner, their widths and inclinations depend- 
ing on the pitch variation, as is practiced in the 
industry for noise reduction. For example, as 
shown in figures 1 and 2, each transversely extend- 
ing groove 31.32,33, 34, can be a zig-2ag groove 
with three legs, the first and third legs forming an 
angle between 30 " and 60 * with the equatorial 
plane, and the second leg being parallel to the 
equatorial plane. The block elements 22, 23 of the 
intermediate rows 11. 14 are raised, low stiffness 
elements, having an axial width LW ranging be- 
tween 8% and 20 % of the tread width TW. The 
stiffness of the block elements is adjusted through 
a high number of parallel slots having a surface 
density between 1.5 to 2.5 cm of slot length per 
cm 2 of the radially outermost surface of a block 
and a volume density between 3.5 and 6 cm 2 of 
slot area per cm 3 of the block volume. 

The difference in radial height of the low stiff- 
ness elements vis-a-vis radial height of the stiff 
central rib 12 is comprised between 5% and 15%, 
and is preferably about 10% (see figure 3); put 
another way, a high stiffness element has in a 
preferred embodiment about 90% of the radial 
height of a low stiffness element. In the embodi- 
ment shown in figure 2, the slots make an angle of 
about 45* with respect to the equatorial plane EP. 
In order to have an improved load transfer of the 
vehicle and this, primarily, during braking, traction 
and under lateral efforts, the slot orientation should 
make with the equatorial plane an angle comprised 
between 30* and 60* . 

Between the intermediate rows 11 and 14 of 
low stiffness block elements and the rows 9 and 16 
of high stiffness shoulder block elements, is lo- 
cated a second set of circumferentially extending 
rows 10 and 15 of low stiffness blocks. The various 
block elements 21. 24 are defined by circumferen- 
tially extending grooves 4, 7 and slots 3, 8 and by 
transversely extending grooves 31 and 34 respec- 
tively. The circumferentially extending slots 3, 8 
have a depth ranging between 40 % and 60 % of 
the depth of the circumferentially extending 
grooves 4 - 7. In the embodiment shown in figure 
2, the blocks 21, 24 of the second set of circum- 



ferentially extending rows of blocks hav substan- 
tially the same axial width LW and the same layout 
as the blocks 22, 23 of the first set of circumferen- 
tially extending rows of blocks. 

s In a preferred embodiment, the transversely 

extending grooves are narrow grooves i.e. grooves 
having a width ranging between 0.8 to 3% of the 
treadwidth. The transversely extending grooves 
spacing the blocks of the first set and second set 

w of circumferentially extending rows of blocks need 
not to have the same width; the grooves spacing 
the blocks 22. 23 of the first set can have a width 
towards the lower end of the above indicated range 
(about 1% of the treadwidth) whereas the grooves 

is spacing the blocks 21, 24 of the second set can 
have a width towards the higher end of the range 
(about 2% of the treadwidth). 

The rows 9 and 16 shoulder blocks comprise 
block elements 20 and 25 respectively which are 

20 separated by transversely extending grooves 30 
and 35 making an angle of about 60* to 90* and 
preferably between 75* and 85* with respect to 
the equatorial plane of the tire. The high stiffness 
block elements 25 and 26 each have a width HW 

25 ranging from 10 % to 25 % of the tread width TW. 

A circumferentially extending narrow groove 36 
and 37 is located at each axial edge of the tread 
and separates the high stiffness block elements 20 
and 25 from the shoulder portions. 

30 Each high stiffness block 20, 25 includes one 
single slot 38, 39 therein extending to one periph- 
eral edge of the block only, so as to maintain 
acceptable handling and wear characteristics. The 
transverse slots 38 and 39 start preferably from the 

35 respective circumferentially extending narrow 
grooves 36 and 37 and are disposed about halfway 
between the adjacent transversely extending 
grooves 30, 35. 

The distribution of high and low stiffness ele- 

40 ments shown in figure 2 reduces the forces acting 
upon the intermediate elements and consequently 
increases the load on the center portion of the tire 
and the stiff elements of the shoulder portions, 
achieving thereby an improved load transfer sen- 

45 sitivity. 

In figure 4 there is shown a tread portion of a 
tire made according to the teachings of the inven- 
tion which has a directional tread pattern. Two 
circumferentially extending grooves 41 and 42 sep- 

50 arate a raised, low stiffness center portion 43 from 
two rows of high stiffness shoulder blocks 44 and 
45. The tread has a series of laterally extending 
grooves 46 and 47 the coincident portions of which 
cooperate to define a zig-zag center groove 48. 

55 The laterally extending grooves 46 and 47 extend 
through the shoulder rows of blocks 44 and 45 and 
follow paths that are oriented at progressively 
greater angles with respect to the equatorial plane. 
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as the axial distance from the equatorial plane 
becomes greater. The low stiffness center portion 
43 is divided by the zig-zag groove 48 into a first 
and a second row 49A, 49B of low stiffness blocks 
having a high number of slots therein. The slots in 
the blocks of the first row 49A of blocks form an 
angle between 70° and 90* with respect to the 
slots in the blocks of the second row 49B of 
blocks. 

In figure 5 there is shown a tread portion 
comprising an array of diamond shaped blocks 51, 
52 and 53. The lateral edges of the neighboring 
blocks define a first and a second series of 
grooves 54, 55, extending diagonally across the 
tread. The first series of grooves 54, makes with 
the second series of grooves 55 an angle between 
60* and 90*. In the embodiment shown in figure 
5, the blocks 51 of the centermost row, as well as 
the blocks of the two laterally neighboring rows are 
provided with a high number of parallel slots there- 
in. The slots of the centermost row of blocks form 
an angle between 60° and 90° with the slots of 
the blocks of the two neighboring rows. The rows 
in the shoulder portions of the tread include high 
stiffness blocks 52 and 53 having about 10 % 
smaller radial height than the low stiffness blocks 
51. 

It is to be understood that in order to reduce 
the stiffness of a tread element, the slots need not 
be straight, but can take a wave shape as shown in 
figure 6. 

Similarly, the neighboring slots or the neighbor- 
ing parts of two slots need not be parallel. Two or 
more sets of parallel slots, equally spaced or not, 
can be included into one single block. A design 
including for instance two sets of slots is shown in 
figure 7. This design results in a more neutral 
behavior of a block element having regard to lateral 
forces on the tire. 

Though the preferred embodiments of the in- 
vention disclosed hereabove include low stiffness 
blocks obtained by using a high number of slots, 
other methods resulting in the lowering of the stiff- 
ness and improvement of the grip of a rubber block 
can be used to implement the invention. Figure 8 
shows for instance a low stiffness rubber block 
comprising holes with a circular section. A hole 
density, i.e. hole volume per total block volume, 
between 8 % and 15 % is preferred. The diameter 
of a hole can range between 1 and 3 mm. 

In an alternate embodiment shown in figure 9, 
the holes have oblong, for instance ellipsoidal, 
cross-sections. The major axes of the cross-sec- 
tions of these holes can have inclinations com- 
prised b tween about 30 " and 60 with respect to 
the equatorial plane of the tire. Pr ferably, major 
axes of the cross-sections of the holes in neighbor- 
ing blocks do not have the same inclination. The 



inclination of the major axes of the holes in a block 
with respect to the equatorial plane can, for in- 
stance, increase as the distance of said block from 
the equatorial plane increases. Alternatively, the 

5 inclination of the major axes of the holes of one 
block can make an angle between 45 and 90 
with the inclination of the major axes of the holes in 
a neighboring block. 

In the embodiments of the invention described 

w so far, the low stiffness and the high stiffness block 
elements are made from material having basically 
the same composition, the required difference in 
physical properties of the block elements being 
obtained exclusively through an appropriate design 

75 of the mold matrix. There is, of course no depar- 
ture from the scope of the invention by using 
different elastomeric compounds in the tread. An 
elastomeric compound having for instance a Shore 
A hardness in the range between 50 to 60 in the 

20 vulcanized state, can be located on the unvul- 
canized tire, where the low stiffness block elements 
have been designed in the mold matrix, whereas 
an elastomeric compound having a Shore A hard- 
ness in the range between 65 to 75 in the vulcan- 

25 ized state, can be located on the unvulcanized tire, 
where the high stiffness block elements have been 
designed in the mold matrix. In order to allow an 
efficient assembly of the unvulcanized tires, ac- 
cording to this embodiment, tread designs wherein 

30 the high stiffness elements are separated from the 
low stiffness elements by straight circumferentially 
extending grooves are preferred. 

Another embodiment of the invention com- 
prises choosing an elastomeric compound having a 

35 Shore A hardness in the range of 50 to 60, adapted 
to give the low stiffness block elements the re- 
quired physical properties and to embed in the 
elastomeric material, where the high stiffness block 
elements are to be formed, metallic or non-metallic 

40 fibers. In a preferred embodiment, the elastomeric 
matrix material has short fibrillated fibers dispersed 
therein. A fibrillated fiber comprises a trunk portion 
with a plurality of fibrils extending outwardly from 
the trunk portion and having diameters substantially 

45 smaller than the diameter of the trunk portion from 
which they extend. Preferred fibers are aramid li- 
bers having an average length in the range of 2 to 
5 mm. Full details of a tire tread containing such 
fibrillated fibers can be found in commonly owned 
so U. S. Patent 4,871 ,004. 

Claims 

1. A tread for a pneumatic tire comprising 
55 lastomeric material, said tread having a cen- 

tral portion and two lateral portions, each lat- 
eral portion having grooves therein defining at 
least one circumferentially extending row of 
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high stiffness blocks, and the central portion 
including grooves defining at least one circum- 
ferentially extending row of low stiffness 
blocks, having a radial height being between 5 
% and 15 % superior to the radial height of s 
said high stiffness blocks. 

2. A tread for a pneumatic tire according to claim 

1 , wherein: 

(a) each lateral portion comprises one row w 
of high stiffness blocks and one row of low 
stiffness blocks, the high stiffness blocks 
being axially farthest away from the equato- 
rial plane and being separated from the 
adjacent low stiffness blocks by a circum- 75 
ferentially extending straight slot or groove; 

(b) the central portion comprises a high 
stiffness central rib extending laterally on 
both sides of the equatorial plane, and on 
either side of the central rib a row of low 20 
stiffness blocks separated from the central 

rib and the lateral portions by circumferen- 
tially extending straight grooves; and 

(c) the central portion has an axial width 
ranging between 20 % and 50 % of the 25 
tread width. 

3. A tread for a pneumatic tire according to claim 

2. wherein the low stiffness blocks are circum- 
ferentially spaced by zig-zag grooves having 30 
three legs, the first and third leg forming an 
angle grooves having three legs, the first and 
third leg forming an angle with the equatorial 
plane ranging between 30* and 60 \ the sec- 
ond leg being parallel to the equatorial plane. 35 



same elastomeric material and the low stiff- 
ness blocks having holes therein with an ob- 
long cross-section and having a volume den- 
sity of at least 8 %. 

8. A tread for a pneumatic tire according to claim 
1, further characterized by the low stiffness 
blocks being made of an elastomeric material 
having a shore A hardness between 50 to 60 in 
the vulcanized state and the high stiffness 
blocks being made of an elastomeric material 
having a shore A hardness between 65 to 75 in 
the vulcanized state. 

9. A tread for a pneumatic tire according to claim 
1, further characterized by the low stiffness 
blocks being made of an elastomeric material 
having a shore A hardness between 50 to 60 in 
the vulcanized state and the high stiffness 
blocks being made of an elastomeric material 
having a shore A hardness between 50 to 60 in 
the vulcanized state and including fibers dis- 
persed therein. 

10. A tread for a pneumatic tire according to claim 
9. further characterized by fibers being fibril- 
lated aramid fibers having an average length 
comprised between 2 and 5 mm. 



4. A tread for a pneumatic tire according to claim 
2, further characterized by the high stiffness 
blocks being circumferentially spaced by 
grooves forming an angle with the equatorial ao 
plane ranging between 70* and 85" . 

5. A tread for a pneumatic tire according to claim 
1. wherein the low stiffness and the high stiff- 
ness blocks further characterized by the same 45 
elastomeric material and the low stiffness 
blocks having slots therein with a volume den- 
sity of at least 3.5 cm 2 of slots per cm 3 of 
block volume. 

50 

6. A tread for a pneumatic tire according to claim 
5, further characterized by each low stiffness 
block including at least one series of parallel 
slots. 

55 

7. A tread for a pneumatic tire according to claim 
1, further characterized by the low stiffness 
and the high stiffness blocks comprising the 
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